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Practical guide to OpenMX calculations



Benchmark calculations by runtest(L)

Even after successfully completing the OpenMX installation, the program may not work properly. This 

problem is often caused by compiler options (-O3) or numerical libraries.

By running ‘runtest’ or 

‘runtestL’, you can confirm that 

the whole set of functionality is 

working properly.

The results are output to ‘runtest.result’ showing the difference between the stored results (total energy and force).

‘runtestL’ is a test with a large job. It is useful for measuring machine performance.

Results on various computers are available in work/input_example and work/large_example.



Database of PAO and VPS

Public release of optimized and well tested VPS and PAO so 

that users can easily start their calculations. 

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/



Specification of PAO and VPS

PAO and VPS are specified by the following keyword:

• O7.0 means O7.0.pao.

• -s2p2d1 means 2, 2, and 1 radial functions are allocated to 

s-, p-, and d-orbitals. 
• In this case, for oxygen atom, 2×1+2×3+1×5=13 basis 

functions are allocated. 

• O_PBE19 means O_PBE19.vps.

The path for O7.0.pao and O_PBE13.vps is specified by 

Default value is ‘../DFT_DATA19’.

DATA.PATH      ../DFT_DATA19



How to choose basis functions: H2O case

By clicking H7.0.pao and O7.0.pao in the database(2019), you may find the following

Choosing states with lower eigenvalues leads to H7.0-s2p1 and O7.0-s2p2d1.
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H7.0.pao O7.0.pao

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/H/index.html https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/O/index.html



How to choose basis functions: Si case(1)
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Si7.0.pao
Orbitals with lower eigenvalues in Si7.0.pao are taken into 

account step by step as the quality of basis set is improved.

Si7.0-s2p2d1 is 

enough to discuss 

structural properties. 

By comparing Si7.0-

s3p2d2f1 with Si8.0-

s3p2d2f1, it turns 

out that  

convergence is 

achieved  at the 

cutoff of 7.0(a.u.).



With respect to band structure, one can confirm that Si7.0-s2p2d1 

provides a nearly convent result.

While the convergent result is achieved by use of Si7.0-s3p2d2f1(Si7.0-

s3p3d2f1), Si7.0-s2p2d1 is a balanced basis functions compromising accuracy 

and efficiency to perform a vast range of materials exploration. 

How to choose basis functions: Si case(2)



Basis set superposition Error (BSSE)

A series of benchmark calculations implies that BSSE is 
～0.5 kcal/mol for molecular systems.

https://t-ozaki.issp.u-tokyo.ac.jp/vps_pao2019/O/index.html



Recommendation of choices for PAO

See also the pages 55 and 56 in the manual.



The directory DFT_DATA can be specified by the keyword in 

your input file as 

Specification of the directory storing *.pao and *.vps

DATA.PATH      ../DFT_DATA19

Both the absolute and relative paths can be specified. 



In most cases, 200 Ryd is 

enough to get convergence.

However, large cutoff  

energy (300-400 Ryd) has 

be used cases such as use 

of pseudopotentials with 

deep semi-core states.

Total energy of a methane molecule

Choice of cutoff energy

scf.energycutoff 200     # default=150 Ryd

The FFT grid is used to discretize real space and calculate Eδee, Exc, and can be specified 

by scf.energycutoff. 

Memory requiment
O(E3/2)



Choice of cutoff energy
Geometry optimization of H2O

Dependency of optimized structure of 

H2O on scf.energycutoff. It turns out that 

180Ryd. is  enough to reach the 

convergence.



Volume vs. Energy curves

MD.Type EvsLC #

MD.EvsLC.Step 0.4            # default=0.4%

MD.maxIter 32             # default=1

The following keywords are available to calculate energy curves.

When the energy curve for bulk 

system is calculated as a function 

of the lattice parameter, a sudden 

change of the number of real space 

grids is a serious problem which 

produces an erratic discontinuity 

on the energy curve. To avoid this, 

the number of grids should be 

fixed by explicitly specifying the 

following keyword:

scf.Ngrid 32 32 32

The numbers correspond to the number of 

grid along a-, b-, and c-axes, respectively. 

scf.Ngrid is used if both the keywords 

scf.energycutoff and scf.Ngrid are specified.
MD.EvsLC.flag 1  1  0 # along a, b, c-axes

1: varied,  0: fixed



The KS effective is constructed from ρ.

However, ρ is evaluated from eigenfaunctions of KS eq.

The next input density is constructed by a simple mixing of input and output densities.

It works well for large gap systems and small sized systems.

Self-consistency: Simple charge mixing

Simple charge mixing method



Optimum input density might be given by 

Minimize the norm of a linear combination of previous residual vectors.

Idea:

Minimization of F leads to 

G.Kresse and J. Furthmeuller, 

PRB 54, 11169 (1996).

Long wave length components corresponding to 

small |q| are taken into account.

Kerker

factor

Self-consistency: RMM-DIIS



Sialic acid

Pt13 cluster

Pt63 cluster

Mixing methods

Simple mixing (Simple)

Residual minimization method in the direct inversion 

iterative subspace (RMM-DIIS)

Guaranteed reduction Pulay method (GR-Pulay)

Kerker mixing (Kerker)

RMM-DIIS with Kerker metric (RMM-DIISK)

RMM-DIIS for Kohn-Sham potential (RMM-DIISV)

RMM-DIIS for Hamiltonian (RMM-DIISH)

Available mixing methods:

Recommendation: 

RMM-DIISK or RMM-DIISV

For DFT+U and constrained methods

RMM-DIISH

See also the page 63 in the manual.
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Steepest decent (SD) method

The structure is changed along the steepest decent step by step.

It may not be so efficient.

To quantitatively investigate structural, physical, and chemical properties of 

molecules and solids, it would be important to obtain optimized structures. 

Geometry optimization



Geometry optimization by the SD method

Using “Methane2.dat” in the directory 

“work”, you can trace the calculation.

<Atoms.SpeciesAndCoordinates

1   C      0.300000    0.000000    0.000000     2.0  2.0 

2   H     -0.889981   -0.629312    0.000000     0.5  0.5

3   H      0.000000    0.629312   -0.889981     0.5  0.5

4   H      0.000000    0.629312    0.889981     0.5  0.5

5   H      0.889981   -0.629312    0.000000     0.5  0.5

Atoms.SpeciesAndCoordinates>

Let us change the x-coordinate of carbon 

atom in a methane molecule to 0.3 Å as 

Optimization process

Initial structure Final structure



Relevant output files for the geometry optimization

In met2.out, the history of 

optimization can be confirmed.

By dragging and dropping met2.md to 

OpenMX Viewer, the optimization 

process can be easily visualized. 



By Taylor-expanding, we have

The derivative of the total energy w.r.t. coordinates leads to

By solving the Eq. for Δx, we have

If the Hessian matrix H can be computed, the method is efficient.

However, it may be difficult to evaluate H in general. 

Geometry optimization by Newton-type methods



The geometry optimization in OpenMX is based on quasi Newton 

methods. In Ver. 3.9, the following four methods are available.

Broyden-Fletcher-Goldfarb-Shanno (BFGS) method

Methods of calculating approximate Hessian matrix H

DIIS          BFGS         RF(rational function) EF(eigenvector following)

H=I BFGS BFGS+RF BFGS plus monitoring 

of eigenvalues of H

If the inner product in the red box is positive, the positive definiteness of H is guaranteed. 

Geometry optimization by Newton-type methods



Approximate initial Hessian by Schlegel  
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Schlegel proposed a way of constructing an 

approximate Hessian. A force constant for every pair 

of elements is fitted to the following formula, where 

dataset were constructed by B3LYP calculations.
H.B. Schlegel, Theoret. Chim. Acta (Berl.) 66, 333 

(1984); J.M. Wittbrodt and H.B. Schlegel, J. Mol. Struc. 

(Theochem) 398-399, 55 (1997).

Suppose the total energy is given by the sum of pairwise potentials. Then, the derivatives 

lead to the following relation:

H BF
where B is the B-matrix of Wilson, H is the approximate Hessian in Cartesian coordinate. 



Molecules Bulks

• The benchmark calculations imply that the EF and RF work well. 

• Large molecules with structural large freedom are hard to get convergence.  

The input file and output files for the benchmark calculations are available 

in openmx3.9/work/geoopt_example". 

Comparison of four methods



Keywords relevant to geometry optimization

The behavior of the quasi Newton methods can be controlled by the following two 

keywords:

MD.Opt.DIIS.History 3 # default=3 

MD.Opt.StartDIIS 5 # default=5 

The keyword 'MD.Opt.DIIS.History' gives the number of previous steps to estimate the 

optimized structure used in the geometry optimization by 'DIIS', 'EF', and 'RF'. The 

default value is 3. 

The geometry optimization step at which 'DIIS', 'EF', or 'RF' starts is specified by the 

keyword 'MD.Opt.StartDIIS'. The geometry optimization steps before starting the 

DIIS-type method is performed by the steepest decent method. The default value is 5.

MD.Type EF # Opt|DIIS|BFGS|RF|EF 

MD.Opt.DIIS.History 3 # default=3 

MD.Opt.StartDIIS 5 # default=5 

MD.Opt.EveryDIIS 200 # default=200 

MD.maxIter 100 # default=1 

MD.Opt.criterion 1.0e-4 # default=0.0003 (Hartree/Bohr)



Variable cell optimization

Let us start optimization of diamond lattice with a displacement as 

The calculation can be traced by “Cdia-RF5.dat” in work/cellopt_example.

Please see also the page 74 in the manual. 

History of optimization

Relevant keywords:



Benchmark calculations of RFC5

For 785 crystals (mostly sulfides) , the full optimization by RFC5 were 

performed by Mr. Miyata, Ph.D student in JAIST, as computational 

screening in searching good thermoelectric materials

The optimization criterion: 10-4 Hartree/bohr

The histogram shows the number of systems among 

785 systems as a function of the number of iterations 

to achieve the convergence 



Restarting of calculations

scf.restart on        # on|off,default=off

• After finishing your first calculation or achieving the self consistency, 

you may want to continue the calculation or to calculate density of 

states, band dispersion, molecular orbitals, and etc. using the self 

consistent charge in order to save the computational time. To do this, 

a keyword 'scf.restart' is available.

• If the first trial for geometry optimization does not reach a 

convergent result or molecular a dynamics simulation is terminated 

due to a wall time, one can restart the geometry optimization using an 

input file 'System.Name.dat#' which is generated at every step for the 

restart calculation with the final structure.

See also the page 67 in the manual.



Output of large-sized files in binary mode

Large-scale calculations produce large-sized files in text mode such as cube files. 

The IO access to output such files can be very time consuming in machines of 

which IO access is not fast. In such a case, it is better to output those large-sized 

files in binary mode. The procedure is supported by the following keyword:

OutData.bin.flag    on    # default=off, on|off

Then, all large-sized files will be output in binary mode. The default is 'off'.

The output binary files are converted using a small code 'bin2txt.c' stored in the 

directory 'source' which can be compiled as

gcc bin2txt.c -lm -o bin2txt

As a post processing, you will be able to convert as

./bin2txt *.bin

The functionality will be useful for machines of which IO access is not fast.

See also the page 320 in the manual.


